Methane production from pyruvate by mixed rumen bacteria in vitro was nearly totally inhibited by chloral hydrate (0.1 tmole/ml of incubation fluid). This effect was accompanied by an accumulation of gaseous hydrogen and an increase in propionic acid production. Infusion of chloral hydrate (4 g/day) into the rumen of a sheep produced the same effects. Evidence is presented for a direct toxic effect of chloral hydrate upon methane bacteria. Results are discussed in terms of fermentation balances.
Methane production from pyruvate by mixed rumen bacteria in vitro was nearly totally inhibited by chloral hydrate (0.1 tmole/ml of incubation fluid). This effect was accompanied by an accumulation of gaseous hydrogen and an increase in propionic acid production. Infusion of chloral hydrate (4 g/day) into the rumen of a sheep produced the same effects. Evidence is presented for a direct toxic effect of chloral hydrate upon methane bacteria. Results are discussed in terms of fermentation balances.
In normal rumen fermnentation, metabolic hydrogen produced during carbohydrate oxidation is used mainly in the production of methane, propionic acid, and butyric acid. Selective inhibition of methane production might be expected to be associated with an increase in the formation of at least one other reduced compound (10, 11, 18) . In line with this theory, the production of methane and propionic acid varied in opposite directions when cell suspensions of rumen bacteria fermenting pyruvate were treated with unsaturated fatty acids (4) . The same effect could be obtained in vivo by infusion of unsaturated fatty acids into the rumen of sheep (5a). These results encourage us to investigate the effect of chloral hydrate on production of methane and propionic acid by mixed rumen bacteria. Indeed, the stimulated production of propionic acid in vitro by this compound, reported by Prins (13) , could be interpreted as a disposal of excess of hydrogen produced by inhibition of methane production. Furthermore, the same author reported that chloral hydrate can be converted to chloroform by rumen contents, a compound known to inhibit methane production in vitro. During this inhibition, hydrogen gas is formed (1).
The experiments described in this paper, carried out in vitro and in vivo, indeed established an opposite effect of chloral hydrate on methane production and production of propionic acid. In addition, hydrogen gas, a compound not normally accumulated in the rumen, accumulated in the presence of chloral hydrate. 1 Present address: The Hormel Institute, The University of Minnesota, Austin, Minn. 55912.
MATERIALS AND METHODS
In vitro experiments. Rumen contents were obtained from three fistulated wethers kept indoors and fed on hay (ad libitum) and concentrates (40 to 45% of carbohydrates other than crude fiber, 500 g/day).
The animals were fed at 8:30 AM and 5 PM. Samples were withdrawn with the apparatus described by Hungate (9) . The time period between feeding and sampling was at least 6 hr.
Cells suspensions. Cell suspensions were prepared as described elsewhere (4, 5) . Total nitrogen content was determined on the suspension by the micro-Kjeldahl method and was usually between 0.9 and 1.5 mg of nitrogen per ml.
Incubations. A 5-ml (15 ml) amount of cell suspension was incubated with 5 ml (15 ml) of phosphate buffer (0.066 M, pH 6.9) containing formate or pyruvate as substrate. The incubation time varied from 3 to 15 hr as shown in the figures and tables. The incubation gases were N2 or CO2. Analysis of gases, volatile fatty acids, pyruvate, and formate was also carried out as described earlier (4, 5) .
Assay of protein synthesis from NH4HCO3 in the presence of carbohydrates and of proteolytic activity with casein was carried out by using whole rumen liquid as described by Henderickx (7).
In vivo experiment. The experimental animal was a 3-year-old fistulated wether which was kept in a metabolic cage and received 250 g of concentrates and 300 g of hay twice daily. Water was always available. Rumen gas expelled through the fistula by ruminal contraction and elevation of intraruminal pressure was collected over 0.1 N sulfuric acid as described elsewhere (Sa). Gas production was measured 8 hr/day.
Samples of rumen fluid (approximately 15 ml) were obtained through the fistula without disturbing gas collection and were used for the determination of volatile fatty acids after acidification and centrifugation (15 min; 20,000 X g) as described by Van Eenaeme (17) 
RESULTS
In vitro. Addition of chloral hydrate to cell suspensions of rumen bacteria metabolizing pyruvate strongly inhibited methane production, whereas overall pyruvate breakdown was only slightly affected ( Fig. 1) .
Analysis of end products in large-scale incubations showed that inhibition of methane production was accompanied by an accumulation of gaseous hydrogen and an increase in propionic acid production. The latter effect was more pronounced when incubation time was increased to 15 hr or when CO2 was used as incubation gas ( Table 1) . Addition of chloral hydrate to rumen bacteria metabolizing formate or gaseous H2 + CO2 also resulted in an inhibition of methane production ( Table 2 , Fig. 2) .
Comparison with the effect of unsaturated fatty acids. The effect of chloral hydrate described here was very similar to that obtained with unsaturated fatty acids (4) . However, important differences exist. On a molar basis, chloral hydrate was much more effective in inhibition of methane production than unsaturated fatty acids (Table 3) .
It is also clear that addition of unsaturated fatty acids did not result in hydrogen accumulation for the concentrations used. Furthermore, both compounds showed striking differences in their effect on protein synthesis and proteolytic activity of rumen contents. Figure 3 shows that unsaturated fatty acids inhibit protein synthesis (Fig. 4) . This effect was observed as soon as 20 min after infusion. The total volume of gas collected remained unchanged, however, as methane was replaced by hydrogen. This is in contrast with results obtained earlier during infusion of unsaturated fatty acids (Sa; Table 4 ). Changes in the proportions of rumen volatile fatty acids also followed a pattern similar to that obtained in vitro. Table 5 shows that the proportion of propionic acid increased whereas acetic acid decreased. A slight increase in butyric acid was observed. The pH and total volatile fatty acid concentration were not affected, indicating a net increase in propionic acid concentration. DISCUSSION As with unsaturated fatty acids, the results suggest a direct toxic effect of chloral hydrate on rumen methanogenic bacteria. Indeed, inhibition could be obtained in vitro with substrates specific for these bacteria, such as formate and gaseous carbon dioxide and hydrogen, whereas, in vivo, inhibition is almost instantaneous. It is striking that compounds differing so widely as chloral hydrate and long-chain unsaturated fatty acids have a similar effect on methane production. This observation does not support the hypothesis that depression of methane production is a function of molecules which have both polar and nonpolar characteristics (3).
The total effect on rumen metabolism is, however, different from that reported for unsaturated fatty acids (4, Sa). A linolenic acid concentration of 1 / \ seifusion ofministration of chloral hydrate to cows. Furthermore, with unsaturated fatty acids, the inhibition 5-\ U gof methane and stimulation of propionic acid production in vivo and in vitro were always ac- 4 companied by a considerable decrease of butyric acid production (4, 5a). With chloral hydrate, the production of this acid was not always inhibited.
As in the case of unsaturated fatty acids, the increase in propionic acid production can be due to altered proportions of microorganisms in the 2- rumen symbiosis. These proportions, however, are probably altered in a manner different from that brought about by unsaturated fatty acids. in the presence of chloral hydrate (Table 6 ). This suggests that hydrogen is disposed of in the production of a compound(s) other than gaseous hydrogen or propionic acid. Indeed, small amounts of hydrogen probably used in reduction of chloral hydrate to trichloroethanol, methanol, and formaldehyde (13) (Fig. 3) .
Perhaps the most significant result of this work is the negative correlation obtained both in vitro and in vivo between propionic acid and methane production. Bauchop (1) Table 1 were used to calculate fermentation balances as described elsewhere (4); 1 mole of hydrogen gas was assumed to originate from 1 mole of pyruvate.
b CH = chloral hydrate. Utrecht, 1959), which increased propionic acid production in the rumen, have an inhibitory effect on the methane formation.
Prins (13) reported an inhibited in vitro fermentation of glucose and cellulose by chloral hydrate, whereas unsaturated fatty acids inhibit glucose fermentation in vitro (4) . In some cases, a decrease in rumen fermentation rate of crude fiber in vivo and in vitro was obtained by pelleting alfalfa (8, 15) . This slower fermentation rate is accompanied by an increase in the molar proportion of propionic acid (8) . Furthermore, Prskov et al. (12) calculated a decrease in the extent of digestible carbohydrate fermentation for rations yielding an increase in the molar proportion of rumen propionic acid. This tends to confirm that a decrease in the rate and (or) extent of rumen fermentation is associated with a microbial population producing more propionic acid, perhaps because of a larger relative availability of soluble carbohydrates.
In any event, the experiments reported here as well as in earlier work suggest that a negative correlation exists between the molar proportion of propionic acid in the rumen and methane production. Such a negative correlation was also obtained by Qrskov et al. (12) using data presented by Flatt et al. (6) . However, before it can be stated that this correlation does occur in all the cases cited, much more experimental work is needed. Also, present knowledge of rumen metabolism does not suggest that such a correlation could be one of cause and effect.
